It is now generally recognized that the addition to a diet of an amino acid or amino acid mixture beyond the amount required by the animal consuming the diet can on some occasions lead to ill-effects in terms of growth, disproportionate to the amount added. It is possible to attribute all such adverse effects to a single phenomenon, amino acid imbalance (Salmon, 1 9 5 9 or to attempt to separate them into three categories (Harper, 1958) : imbalances, in which the effect of the added amino acid is reversed by supplementing the diet with the first limiting amino acid; antagonisms, in which the effect is reversed by a structurally related amino acid; and toxic effects, in which no simple amino acid supplementation reverses the growth depression. It is not implied that these three categories represent disparate mechanisms, and their continued use seems only to be justified by the apparent absence of any direct evidence to identify a common basis for all the ill-effects that have been recorded (see Harper, 1964) . T h e continuous lack of any substantial evidence to support three distinct mechanisms of interaction makes it necessary still to assume that the situation represents but a single phenomenon.
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It can be expected that further information on the nature of the interaction will come from a specific study of the circumstances under which amino acids will bring about and ameliorate a growth-depressing effect. When ill-defined mixtures of amino acids (e.g. proteins or their hydrolysates) are added to a basal diet supporting satisfactory growth it is only possible to acquire further and unnecessary confirmation of the existence of the phenomenon. There is in fact little reason to believe that when mixtures are added the effect is a consequence of more than one of the amino acids present. Each amino acid enters into different pathways of metabolism, and the manner of its involvement in interaction must be understood in terms of its participation in metabolism.
An alternative hypothesis to the division supported by Harper (1958) is to think of the phenomenon as the result of interaction between pairs of amino acids. The VOl. 24
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amino acid which must be added to counteract the growth depression consequent upon the intake of an unbalanced diet may be defined as the target of some unknown mechanism which results in the requirement for that amino acid being increased. The agent of the interaction can be defined as the amino acid whose addition leads to the phenomenon. From such a hypothesis it is possible to build up a picture of the scope, specificity and reversibility of the interaction. T h e identity can be established of any other target amino acids susceptible to the action of the agent, and conversely alternative agents against the target amino acid can be recognized. In the light of this hypothesis the interaction between lysine and arginine has been examined on chicks (Smith & Lewis, 1964 Lewis, , 1966 . I n a preliminary series of experiments a basal diet was employed marginally adequate in terms of arginine supply (Lewis, Smith & Payne, 1963) but fully adequate in all other amino acids (see Table I ). T h e addition of lysine to the basal diet ( Table 2 ) resulted in a marked growth depression which was prevented if arginine was also added (treatment AI I ) . Subsequent experiments were concerned with testing alternatives to lysine as agent of interaction and to arginine as the target. Though some growth depression was recorded on adding histidine (treatment A1 2), it was not statistically significant and it cannot be regarded as a potent alternative agent of interaction. In another experiment (treatment A14) an effort was made to establish whether tryptophan Table 4 . Live-weight gain in trials A15 and A16 (Smith W Lewis, 1966) (Mean values (g/day) for six replicates of six hirds: groups of ten birds were placed in cages at day-old and reduced to six at 7 days: experimental diets offered from 7 days of age) Vol. 24
Amino acid imbalance '99 could act as an alternative target amino acid. T h e growth depression upon adding lysine to the basal diet without the extra tryptophan listed in Table I was not at all prevented by also adding tryptophan. It is possible that the absence of any response in testing for tryptophan as an alternative target is accounted for by the relatively high tryptophan content of the basal diet in relation to arginine. A further basal diet was therefore prepared (Table 3) in which the tryptophan content was only 0.070/. The addition of tryptophan resulted in a marked growth stimulation (Table 4) , but supplementa$ion with lysine did not depress growth. There was, however, a rather unexpected depression on adding arginine alone or in the presence of tryptophan. It is conceivable that these interactions are only found when there is a very delicate balance between pairs or small groups of amino acids and that in this experiment the deficiency in terms of tryptophan was already too gross. Without using purified diets it is not easy to achieve a desired pattern of amino acid balance: efforts are, however, being made to consider other alternative targets to arginine, e.g. histidine (see Winje, Harper, Benton, Boldt & Elvehjem, 1954) or threonine (see Rosenberg, Culik & Eckert, 1959) .
The basal diet listed in Table 3 (tryptophan-deficient) was also used in a preliminary experiment (A1 6) to identify a tryptophan-threonine interaction (see Florentino & Pearson, 1962) . The results in Table 4 show again that tryptophan addition resulted in a growth stimulation : the depression noted on adding threonine was not statistically significant. It is again possible that the tryptophan content was too low for the interaction effect to be clearly demonstrated.
A further series of experiments has been carried out to look in some detail at any distinction that can be made between antagonisms and imbalances. A basal diet was prepared deficient in methionine and only barely adequate in terms of arginine supply. There was a significant growth response on supplementing it with methionine (Table 5 ) , which was not increased when an arginine supplement was also included. The addition of lysine gave a marked growth depression: it was corrected by arginine but not by methionine. It is not necessary to invoke two independently operating growth limitations: the presence of lysine can be said to increase the requirement for arginine to such an extent that it becomes the first limiting amino acid.
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In considering explanations for imbalances and antagonisms Harper ( I 964) proposes the same mechanisms-effects upon palatability and food intake, upon absorption and nitrogen retention and upon excretion. The apparent absence of disparate mechanisms associated with the three categories (toxicities, antagonisms and imbalances) renders the classification not particularly useful. It would seem more advantageous to contemplate a common basis: there is in all three a depressed food intake, the patterns of plasma amino acid levels seem to be consistent, and the effect upon blood urea does not appear to vary. T h e sequence of events envisaged by Harper (1964) to account for the consequences of lack of dietary amino acid balance include a phase of influx of surplus of certain amino acids into the blood stream. This may well be the stage at which to seek the explanation of the phenomenon, but it must be in the light of the manner of involvement of particular amino acids in metabolic pathways.
The hypothesis can be put forward that the extent to which an amino acid causes a deleterious effect when present in excess is related to the ease with which it enters into pathways of katabolism and is removed from the metabolic pool. T h e manner of its effect might be related to the other amino acids associated with similar katabolic routes. One may, for example, contrast the behaviour of lysine and arginine: the former is, in the mammal at least, relatively metabolically inert and is a potent agent of interaction, whereas the reverse is true with arginine. A study of pathways of katabolism of amino acids in the bird has therefore been initiated.
Generally L-amino acid oxidases are of limited occurrence and low activity in mammalian systems. The oxidation of L-amino acids by chicken liver microsomes has, however, been demonstrated by Struck & Sizer (1960) . The oxidative properties of avian liver preparations in the presence of added amino acids were examined by . The addition of L-lysine to an acetone powder of various turkey liver preparations led to a substantial increase in oxygen uptake (Table 6 ). The activity of chick liver preparations in this respect was considerably lower, perhaps accommodating the embarrassing effects of surplus dietary lysine. IIowever, (Table 7) . Both arginine and histidine were readily oxidized.
The results on incubation with hydroxylamine confirmed that the process was not essentially one involving transdeamination and L-glutamic dehydrogenase. From these observations it can at least be suggested that a mechanism which might account for some of the phenomenons associated with lack of adequate dietary amino acid balance, is an increase in oxidative katabolism in response to excess amino acids which emphasizes the inadequacy of the limiting amino acid. T h e possibility of an adaptive increase in activity of the L-amino acid oxidase in response to dietary intake has been demonstrated ( Table 8) . Insufficient results are available on the basis of which to decide whether these small differences are significant.
